The abundance of parasites on a host can be affected by several factors; in this study, we investigated the influence of sex and body size of the host rodent Oligoryzomys nigripes on the abundance of ectoparasitic mites (Acari: Mesostigmata). The generalized linear model indicated that body size (indicative of age) of the host rodent O. nigripes significantly contributed to the variation in the abundance of mites on host rodents at the Experimental Station of Itirapina. This trend of increased parasitism on hosts with larger body sizes may be linked to the fact that larger individuals are able to support the coexistence of a larger number of parasites, and being more mobile, are more exposed to infection by parasites.
Introduction
Parasites use their hosts for shelter, nutrition, and dispersal, causing some degree of damage to the hosts. The abundance of parasitic species on a given host species is not a product of random processes but rather a consequence of the morphological and ecological characteristics of the host, such as body size (Ezenwa et al. 2006) , population density (Nunn et al. 2003) , and geographic distribution (Lindenfors et al. 2007a) . The parasites can also play a role in determining the parasite abundance on a given host, since some parasite species can act as a facilitators. Parasites of unrelated taxa can facilitate the acquisition of other species of parasite, by lowering the immune defenses of the host Pilosof et al. 2013) .
The abundance of parasites on a given host species can vary according to body size, as individuals with larger bodies can aggregate more parasites due to their higher mobility, larger total mass (i.e., more potential nutrients for parasites) and larger surface area (Moore and Wilson 2002; Poulin 2007; Bordes et al. 2009 ). Larger individuals have a higher metabolic requirement, travel greater distances in search of food (McNab 1963) , and consequently are more heavily exposed to parasites (Bordes et al. 2009) .
If the males and females of a host species differ in their morphology, physiology, and behavior, parasite abundance can also be influenced by the sex of the host (Fernandes et al. 2012) . Many mammalian species exhibit sexual dimorphism in terms of size, with males being bigger than females in more than 45% of species (Lindenfors et al. 2007b ). This intersexual difference in physiology is based on the negative relationship between the male hormone, testosterone, and immune function, making males more susceptible to the majority of parasite infections (Klein 2004 ). Behavioral differences between genders are related to the greater mobility of males in systems with promiscuous mating, as the range of a female is generally associated with habitat quality, while the range of a male is associated with an improved probability of finding sexual partners (Püttker et al. 2006; Fernandes et al. 2010; Perdue et al. 2011) .
The differences in the density and diversity of species of rodent hosts among localities can influence the abundance and diversity of parasites. A higher density of a given host species increases the chances of ectoparasite transmission between in-*Corresponding author: nandafernandes@gmail.com Fernanda Rodrigues Fernandes et al. 516 traspecific individuals (Krasnov et al. 2006; Ryder et al. 2007 ) and a higher diversity of host species increases the chances of ectoparasitic exchange between interspecific individuals if different species share the same parasites (Dobson 2004; Lareschi and Krasnov 2010; Fernandes et al. 2012) . The transmission of ectoparasites can occur through direct contact (Darolova et al. 2001; Valera et al. 2003) or rarely by phoresy, when parasites attach themselves to other more mobile individual parasites, in order to increase their dispersal distance (Houck and O'Connor 1991; Harbison et al. 2009 ).
The Mesostigmata mites (Acari) are very diverse, including groups of free-living predators, as well as both facultative and obligatory parasites (Dowling and O'Connor 2010) ; however, all of them morphologically preadapted for parasitism (Radovsky 1985) . In mammals, parasitism by mites is frequent, and the mammal-associated mites coexist in the same nest with free-living nidicolous to obligate hematophagous mites (Radovsky 1985) . Some mesostigmatid mites are found on wild rodents, and can survive in the environment for long periods travelling considerable distances in search of new hosts. The life cycle of a mesostigmatid mite consists of an egg, one six-legged larval stage, two eight-legged nymph stages, and adulthood, but only the first nymphal and adult stages feed on blood (Watson 2008) .
In this study, data were collected from mites (Acari: Mesostigmata) parasitizing the rodent species Oligoryzomys nigripes (Mammalia: Rodentia) in two cerrado (a Brazilian tropical savanna ecoregion) areas of southeast Brazil, in order to determine whether the total abundance (Bush et al. 1997) of mites is influenced by the sex and body size of the host.
Materials and methods

Study area
The study was conducted in two cerrado areas in the state of São Paulo in southeast Brazil: the Experimental Station of Mogi Guaçu (hereafter ESMG) (22°24´S; 47°15´W) and the Experimental Station of Itirapina (hereafter ESI) (22°24´S; 47°82´W). The ESI comprises 3,212 ha and altitudes range between 700 -827 m, while the ESMG comprises 3,050 ha and altitudes of 600 -730 m (data from the São Paulo Forestry Institute). Both areas consist of remnants of cerrado and riparian forest, and they are 70 km apart from each other. The Cerrado is a Neotropical savannah formation with different vegetation physiognomies forming a continuum from open and dry grasslands to dense forests (Goodland 1971) .
Data collection
The fieldwork was conducted from February 2009 to June 2010. Data were obtained from rodents captured during five consecutive nights per month in each study area. Captures were performed using 80 Sherman traps (dimensions 7.5 cm × 9.0 cm × 23.5 cm) placed on the ground (Jones et al. 1996) , with four traps per point of capture, each using a sweet potato and peanut butter as bait. The total capture effort consisted of 6,800 trap nights. Rodents were each tagged with a numbered earring (Rudran 1996) , their body mass measured with a Pesola® (accuracy = 1 g), and their sex was determined. The rodents were brushed with a toothbrush while in a white plastic tray. The ectoparasites were collected from the plastic tray using a disposable pipette, and placed in glass flasks with 70% alcohol. Each flask contained the parasites collected from a single host, and received an outer and inner label containing the following information: host species, sex, earring number, collection date, and collection place (Bergallo 1994) . After being used, the tray was carefully cleaned and inspected before being reused. The collected mesostigmatid mites were slide mounted in Hoyer's medium, and identified by Prof. Gilberto Salles Gazeta and his team from the Oswaldo Cruz Foundation (FIOCRUZ-RJ) using taxonomic keys (e.g. Furman 1972, Krantz and Walter 2009) and by direct comparison with specimens from the Collection of Apterous Arthropod Vector of Community Health Importance (CAVAISC-FIOCRUZ). All collected mesostigmatid specimens were deposited in CAVAISC-FIOCRUZ. This research was authorized by the System of Authorization and Information in Biodiversity (SISBio number 17669).
Data analysis
The prevalence of mesostigmatid mite species in each study area was estimated according to the concept described by Bush et al. (1997) . The effect of host body mass and sex on prevalence was assessed using logistic regression models, with α = 0.05 significance level (Sokal and Rohlf 2012) . The distributions of total mesostigmatid mite abundance showed data overdispersion for two study areas (ESMG variance-mean ratio = 20.52; ESI variance-mean ratio = 6.58) and the negative binomial distribution was fitted to the abundance data (ESMG: = 2.76; d.f. = 3; P value = 0.43; ESI: = 4.08; d.f. = 4; P value = 0.39). Thus, the generalized linear model (GLM) of negative binominal regression was used in this study to account for overdispersion of the mite abundance data (Zeileis et al. 2008) ; the response variable representing the total abundance of mesostigmatid mites per host and the explanatory variables being the host body size ('host body mass') and host sex ('sex'), with α = 0.05 significance level. In cases when GLM negative binominal regression detected that the explanatory variable had a significant effect on the total abundance of mesostigmatid mites per host, the abundances of each mesostigmatid mite species with highest prevalence estimates ( 0.5) were modeled using GLM negative binominal regression to access the effects of explanatory host variables (α = 0.05). For model validation analyses, Pearson standardized residuals were used through the graphic residuals analysis of normal probability. In this method, simulated 95% confidence bands (envelopes) were constructed using 1,000 simulations to provide a better plot interpretation; if the model is well fitted, the majority of the points representing the residuals should be distributed within those bands (Atkinson 1987) . All statistical procedures were performed using R version 3.1.2 (R Development Core Team 2014). The analysis methodology applied used in this study is similar to that described by Fernandes et al. (2012) .
Results
A total of 31 Oligoryzomys nigripes individuals rodents were captured in ESMG (males = 16 and females = 15), and 50 individuals in ESI (males = 29 and females = 21) during data collection. In ESMG, a total of 541 specimens belonging to eight species of mesostigmatid mites were found on O. nigripes (Table I) . Laelaps paulistanensis and Mysolaelaps parvispinosus were the mesostigmatid species with the highest prevalence estimates (Table I ). The logistic regression models did not detect the effect of the host body mass and sex on the prevalence of mesostigmatid species (Table II) . The total mean abundance was 17.45 (sd = 18.92) mesostigmatid mites per individual host, with L. paulistanensis and M. parvispinosus being the most abundant mites (Table I ). The GLM negative binomial regression did not detect the effects of host body mass and sex on the total abundance of mesostigmatid mites (Table III) .
In ESI, a total of 852 specimens belonging to twelve species of mesostigmatid mites were found on O. nigripes (Table I) . L. paulistanensis, M. parvispinosus and Gigantolaelaps peruviana were the mesostigmatid species with the highest prevalence estimates (Table I) . As in ESMG, the logistic regression models did not detect any effect of host body mass and sex on the prevalence of mesostigmatid species in ESI (Table IV) . The total mean abundance was 17.04 (sd = 10.6) mesostigmatid mites per individual host, with L. paulistanensis and M. parvispinosus again being the most abundant mites (Table I) . Unlike ESMG, in ESI the GLM negative binomial regression detected the significant effect of the host body mass on the total abundance of mesostigmatid mites (Table V) , and the total abundance of mites increased propor- Fernandes et al. 522 tionally to host body mass (Fig. 1) . The probability plot of Pearson standardized residuals shows that the majority of the points that represent the residuals are distributed within the confidence bands, indicating that the model is valid (Fig. 2) . The GLM negative binominal regression analysis of the mite species with highest prevalence estimates in ESI, i.e. L. paulistanensis, M. parvispinosus and G. peruviana, detected that host body mass had a significant effect on the abundance of L. paulistanensis only (Table VI) .
Discussion
These results indicated the presence of an aggregate distribution of the ectoparasitic mite species, described by the negative binomial distribution. This distribution, with many host individuals harboring few or no parasites and a few host individuals having many parasites, is a usually pattern observed in host-parasite relationships (Shaw et al. 1998; Poulin 2007) .
The two most abundant species of mites, Laelaps paulistanensis and Mysolaelaps parvispinosus, belong to the family Laelapidae. In many species of Laelapidae mite, the general life cycle is reduced by the retention of the egg and sometimes the larvae by the parent mite, which protects the young from mortality factors that would affect the initial stages of development (Radovsky 1994) . The predominance of females in the majority of the collected species of Laelapidae mites is consistent with the hypothesis that males and nymphs remain in the host nest, while females disperse (Radovsky 1994; Martins-Hatano et al. 2002) . Some laelapid mites are unable to reproduce without the inclusion of vertebrate blood in their diet (Downling 2006) , which is a possible explanation for why females are more commonly found on hosts.
Mite abundance is influenced by host body mass in ESI. The hypothesis of the "well-fed host" states that parasites choose bigger hosts because they are better fed, increasing the parasite's ability to acquire food (Hawlena et al. 2005) . Moore and Wilson (2002) observed the influence of mammalian species body size on parasite load. In species where the male is the larger sex, they are the ones more frequently parasitized, whereas in species in which females are the larger sex, they are the ones most affected.
If a host represents a patch of parasite habitat with characteristics that vary both spatially and temporarily, the size of the patch can influence the amount of organisms that it is capable of supporting. Therefore, bigger individuals allow for a greater coexistence of parasites than smaller individuals (Kuris et al. 1980) . Kiffner et al. (2014) observed that flea abundance was positively related to the body mass of host rodents. Fernandes et al. (2012) found that the sex and locality of O. nigripes significantly contributed to the variation in lice abundance on each host. Ectoparasites that do not spend their entire life cycle on the host can be less influenced by factors such as the immunological sex differences of the host species, and the co-occurrence of phylogenetically close host species in the environment. For ectoparasitic mites, in which only the dispersing stage (females) is harbored in the host, the size of the host individual seems to be indicative of the number of ectoparasites that it is capable of aggregating and transporting.
Due to their larger metabolic requirements, larger individuals can have greater mobility, which increases their susceptibility to parasitic infection by contact with infective stage of the parasite, and by parasitic exchange with other individuals (Bordes et al. 2009 ). The parasitic exchange can be influenced by the host density and the number of host species sharing the same parasites (Arneberg et al. 1998; Krasnov et al. 2002; Fernandes et al. 2012) . Fernandes et al. 2012 showed that the abundance of lice parasitizing the host Oligoryzomys nigripes in ESI was significantly higher than in ESMG, probably as a reflection of both a higher host density and a greater number of host species occurring in ESI.
Lower quality habitats (e.g. higher anthropogenic influence, lower host density, fewer host species sharing the same parasites, lower species richness of parasites) may feature different parasite-host dynamics because of a lack of the many intraspecific and interspecific relationships that occur in habitats of higher quality. During our fieldwork, five rodent species and twelve mesostigmatid mite species were captured in ESI, whereas three rodent species and eight mesostigmatid mite species were captured in ESMG.
In conclusion, we found that the body mass of the host species O. nigripes was the most important factor influencing the abundance of ectoparasitic mites in ESI (a locality of higher quality than ESMG), probably because bigger host individuals are more mobile, and allow for a greater coexistence of parasitic individuals. Moreover, when the host moves to a new nest, female mites are responsible for nest infestation and transmission to other host individuals.
